There is strong evidence that induced pancreatic adenomas and carcinomas derive from ductal and ductular cells in the pancreas. We base our beliefs on our knowledge of the embryology and histology of the pancreas in Syrian golden hamsters, along with the sequential alterations that occur during exocrine pancreatic tumor formation. This concept also has been supported by much experimental evidence, including autoradiographic, immunologic and in vitro studies. We also present other viewpoints on the origin of pancreatic cancer histogenesis and outline certain areas of disagreement. We report the development of acinar cell lesions under certain experimental dietary conditions in hamsters (the lesions resemble those commonly seen in the rat pancreatic tumor model) and the nature of these lesions. (4, 5) . Another group has the ,, distinct view that all induced lesions in hamsters derive i from ductal and ductular cells (2, 3, 6, 7) . The third group embraces both of the foregoing theories (8, 9 However, although data are fragmentary, the morphogenesis and ontogenesis of the hamster pancreas havei
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Although the Syrian golden hamster model developed VT
A .V at the Eppley Institute (1-3) has been accepted generally as the best means to study pancreatic carcinogenesis, confusion has arisen because of differing concepts concerning the histogenesis of the induced lesions. There are three main points of view with regard to this element of the model. One group of investigators believes pancreatic lesions [at least those induced by Ai N-nitrosobis(2-hydroxypropyl)amine or BHP] derive from acinar cells that undergo ductlike dedifferentiation during carcinogenesis (4, 5) . Another group has the ,, distinct view that all induced lesions in hamsters derive i from ductal and ductular cells (2, 3, 6, 7) . The third group embraces both of the foregoing theories (8, 9 alone have been found to form and to store glycogen (15) . Since according to our findings, the centroacinar cells are important in pancreatic tumor formation, a brief description of their known relationship with acinar cells may allow us to understand the existing problems in interpreting processes that occur during neogenesis. The canal system of the pancreas consists of main or type 1 ducts and secondary type 2 ducts, which (contrary to the situation in other glands) merge without intermediary ducts into long connecting or interlobular ductules (16) . These ductules in turn merge into terminal buds formed by centroacinar cells, which later give rise to acinar cells. The relationship between acinar and centroacinar cells is complex. In the mature organ, the acini form individual glandular units, the monomers, in which centroacinar cells usually line the small canaliculi connected to each monomers (Fig. 9) . Consequently, the term centroacinar cell in these acini (monomers) may be incorrect, since the cells are not located within them. During development of acini from terminal buds, the latter multiply by either forming new buds or through division of existing acini (16) . Since acini formation ends at different stages of development, a peculiar centroacinar-acinar complex, termed polymers, develops. In these polymers a large proportion of the "still open" glands are formed by centroacinar cells located apically to or between acinar cells (Fig. 10 ).
This brief introduction concerning the relationship between the exocrine and endocrine pancreas will hopefully lead to an understanding of the complicated events surrounding pancreatic tumor development. To demonstrate tumor histogenesis, we have collected data from animals exposed to the carcinogen only once, since *k. by this treatment scheme the neoplastic event represents a slower, easier-to-follow stepwise process. This is in contrast to alterations found in animals that had been treated repeatedly (5, 17) . Repeated applications of high doses of nonspecific carcinogens, such as N-nitrosobis-(2-hydroxypropyl)amine (BHP), create serious problems, because toxic and carcinogenic processes go hand-inhand with regenerative and neoplastic events. Therefore, in our opinion, single, low and nontoxic doses of carcinogens, such as N-nitrosobis(2-oxopropyl)amine (BOP), which have an almost selective effect on the pancreas, are the most reliable means to investigate tumor histogenesis. By this method of dosing, initial and visible morphologic alterations begin weeks after carcinogen treatment. For example, we may see such changes 12 weeks after a dose of 20 mg/kg and 32 weeks after a dose of 10 mg/kg of this carcinogen. At these times the acute toxic effects of the compound have subsided, and therefore changes observed after this time could express the neoplastic effects of the carcinogen. Degeneration and necrosis in an acinar cell group (monomer or polymer) are the first alterations and appear a few weeks after a single carcinogen injection (Fig. 11 ). This particular type of acinar cell necrosis has been found to be due to a marked hypertrophy and hyperplasia of centroacinar and intercalated cells ( (Fig. 20) . These, in effect, nearly strangle or "squeeze" the acinar cells. The formation of such processes has been shown in numerous other tissues to be an expression of malignant transformation. Since these processes are extremely tiny, they can be seen only by electron microscopy (Fig. 20) , as has also been demonstrated by Flaks and his colleagues (17) . After application of a ductal-specific antigen, they are found as a (7) . They are then gradually replaced by elongated centroacinar cells (Figs. 11-14) which form pseudoductules or tubular complexes (Fig. 14) , some of a malignant type (Fig. 21) . We (Fig. 24) , and the cells lining them are either similar to ductular cells or remarkably similar or identical to immature islet cells-the so-called islet cell precursors (3) . At this stage, we find a mixed islet and ductular cell population under electron microscopy (3) and by the immunoperoxidase technique (Fig. 25) . In a more advanced carcinogenic process, intra-insular ductules increase in size and gradually occupy the entire islet. This event results in formation of structures consistent with microcystic or papillary cystic adenomas. In other instances, however, the intra-insular ductules display progressive hyperplasia, often with increased mitotic figures (Figs. 26 and 27) , and ultimately become invasive. In some instances, ductular and insular cell elements proliferate simultaneously and result in neoplasms consistent with mixed insular-ductular tumors (Fig. 19) , as has also been described in man (3).
There is yet additional evidence for the ductal/ductular cells as tumor progenitor cells. Autoradiographic examination during pancreatic carcinogenesis demonstrates (22) increased thymidine incorporation predominantly in ductal and ductular cells (Fig. 28) .
Nine percent of recipient hamsters bearing transplanted BOP-induced pancreatic tumors developed a highly specific ductulitis that also involved intra-insular ductules (23) . Since tumors often are known to retain some antigenic determinants of their tissue of derivation, we assumed the transplanted tumor in the subcutaneous region of the animals had elicited an immune response to antigenic determinants present on the surface of tumor cells, derived from ductular cells. This antibody could cross-react with the antigen present on the normal pancreatic ductular cells. Immunohistochemical examination of pancreases with pancreatic ductulitis revealed a specific reaction of ductules to hamster anti-IgG raised in rabbits (22) .
We have found a specific antigen produced by BOPinduced pancreatic tumors (22, 24) that is present in all induced premalignant and malignant lesions, but not in normal tissue (Fig. 29 ). An immunohistochemical study using peroxidase-antiperoxidase techniques revealed selective staining of hyperplastic ductal, ductular and centroacinar cells, but not of other cell components (Fig. 30) .
We have postulated that the effect of streptozotocin (SZ) and BOP on the pancreas is similar in that both are methylating agents and affect the ductular cells (25) . Evidence for a role of ductular cells as the target for SZ derives from the observation in many species, including the hamster, that islet cell tumors induced by SZ derive from ductular cells (26, 27) . We assumed differences in the quantity or quality of DNA alkylation determine the direction of ductular cell differentiation, either to insular cells (by SZ) or to ductular cells (by BOP). If so, combined treatment with SZ and BOP would result in potentiation of BOP carcinogenesis, and this was indeed the case (25) . A significantly higher cancer incidence was found after SZ plus BOP than after BOP administration alone. Moreover, SZ alone induced a few ductular adenomas and ductal hyperplasia (25) .
In vitro studies (unpublished) (3, (19) (20) (21) . Finally, recent experimental (28) and human data (29) suggest that even acinar cell lesions, termed hyperplastic foci or acinar cell nodules, derive from ductular cells. We could confirm this observation in individuals showing diffuse hyperplasia of centroacinar cells and nesidioblastosis (unpublished). This phenomenon has also been seen in experiments utilizing certain dietary regimens (30, 31) . Induction of acinar cell lesions brings us to other problems we have faced in recent dietary studies. These include induction of a high incidence of acinar cell nodules in hamsters fed high fat diet (30) , especially in BOP-treated hamsters. However, no clearcut data were seen relative to the relationship between level of fat and incidence and multiplicity of acinar cell nodules (30) . The lesions were also present in animals given low fat diet and were more numerous in those receiving medium fat diet. In the latter, the lesions occurred in a higher incidence in females and in a greater multiplicity in males (30) . The cytologic appearance of some of the acinar cell lesions was consistent with malignancy in terms of nuclear shape and mitotic activity. However, there were no histologic criteria for the malignant nature of these well-defined lesions. Later studies to examine the effect of dietary protein level in pancreatic carcinogenesis suggested the interaction between dietary fat and protein levels (and not the fat level per se) plays an important role in induction of acinar cell nodules, since medium levels of fat and protein had the greatest effect (31) . Because acinar cell nodules were also found in non-BOP-treated hamsters, it was reasonable to believe that these lesions, at least in hamsters, reflect dietary adjustment and are of a reactive, rather than neoplastic, nature. Our recent study examining the effect of ethanol on pancreatic carcinogenesis supported this point, since similar lesions, not found in any of the untreated controls in our colony, were induced with ethanol in BOP-treated hamsters (32) . The latter finding excludes the role of a specific dietary nutrient in development of these lesions. Now questions arise as to the nature of these lesions in hamsters. Are they reactive or neoplastic, as in rats? Can these lesions regress, as do some hyperplastic nodules in the liver? We believe they do regress in hamsters, but we do not yet have sufficient data to corroborate this. The current rate of progress in pancreatic carcinogenesis studies, however, should enable us to answer these questions soon.
